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Abstract-Compositions of aliphatic hydrocarbons and of fatty acids were analyzed in two half-meter 
cores of postglacial Lake Huron sediment. One core represents a continuous record of the past 450 yr of 
sediment accumulation; the other consists of a surficial layer of modern sediment overlying 40cm of 
1 l,ooO-12,000 yr-old sediment. Concentrations of hydrocarbons are higher in the younger core than in 
the older one. Based upon n-alkane distributions, this reflects a smaller input of terrigenous material to 
Lake Huron 11,000 yr ago rather than diagenetic losses. Most of the hydrocarbons present in the 
450yr-old core are allochthonous while half are autochthonous in the older core. Fatty acids are 
primarily of aquatic character in both cores, and their concentrations decrease rapidly with depth. 
Unsaturated acids disappear more quickly than do their saturated analogs. Fatty acid degradation 
occurs mostly in the biologically active zone of these sediments, and little further alteration of fatty acids 
appears to happen over times as long as 12,000 yr. 
INTRODUCTION 
MANY IMPORTANT sedimentary deposits have accumu- 
lated under freshwater environments. Knowledge of 
modern equivalents of organic matter sources and of 
early geolipid diagenesis is valuable in deciphering the 
geochemical histories of these deposits. In particular, 
carbon skeleton chain-length distributions of geo- 
lipids have often been utilized to provide such infor- 
mation. 
From distributions of n-alkanes found in sediment 
cores from English lakes, CRANWELL (1973a, 1977) 
identifies changes in the biota of the drainage basins 
serving these lakes. GASKELL et al. (1975) employ pat- 
terns of n-alkanes plus those of fatty acids to assess 
the relative contributions of marine versus terrigenous 
sources of organic matter in a core representing 
10,OOOyr of sedimentary history from the northwest 
African continental shelf. These materials are particu- 
larly well preserved in this sediment sample, indicat- 
ing low in situ microbial activity. In contrast, JOHN- 
SON and CALDER (1973) found major changes in sedi- 
ment lipids due to microbial activity in a tidal marsh 
environment. Hydrocarbon distribution patterns mar- 
kedly changed with depth, although not as much as 
did those of fatty acids. 
As a part of their study of sediment geolipids in a 
New England estuary, FARRINGTON and QUINN 
(1971a) found total fatty acid levels decreased with 
depth. The rate of decrease was greater for unsatur- 
ated than for saturated acids. In a study of Holocene 
sediment from a British Columbia fjord, BROWN et al. 
(1972) also found that saturated and total fatty acid 
levels decreased with depth. Similar results were 
obtained from a number of estuarine and coastal mar- 
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ine locations investigated by VAN VLEET and QUINN 
(1979). In these studies, it was concluded that these 
changes were postdepositional effects, because the 
ratio of fatty acids to total organic carbon also de- 
creased. However, FARRINGT~N et al. (1977) found the 
levels of total acids and of total organic carbon de- 
creased together with depth at a constant ratio in a 
coastal marine sediment. Apparently, variations in 
types and amounts of fatty acids and also in diagen- 
etic processes are found in different depositional en- 
vironments. 
From a survey of fatty acids in sediments from six 
English lakes, CRANWELL (1974) concluded that the 
concentration of branched and cyclic saturated acids 
correlates directly with the productivity of lake sur- 
face waters and can be used as a paleolimnetic indi- 
cator. At the same time, chain-length distributions of 
n-alkanoic acids record the relative contributions of 
aquatic versus land sources of sediment organic mat- 
ter. Also, fatty acid alteration and destruction are 
retarded in lakes having high sedimentation rates. 
However, such interpretations become complicated 
by diagenetic modifications of sedimented acids. Mi- 
crobial activity may contribute significantly to fatty 
acids in sediments (BOON et al., 1975), and acids 
shorter than CzO may experience more degradation 
than longer-chain ones (MATSUDA and KOYAMA, 
1977). 
In an earlier study (MEYERS and TAKEUCHI, 1979), 
we have shown that sediments from different parts of 
Lake Huron receive different lipid inputs. In this con- 
tribution we compare geolipid content of two cores of 
Lake Huron sediment which differ in age by 11,000 yr 
but have similar locations. 
EXPERIMENTAL 
Two locations in southeastern Lake Huron provided the 
sediments analyzed in this study. The core designated 
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Fig. 1. Downcore comparisons of Lake Huron cores SLH-74-12 and SLH-75-58. Total organic carbon 
(T.O.C.) expressed in percent of dry sediment weight. Water content given in percent of wet sediment 
weight. Concentrations of total alkanes and total fatty acids are in &g dry sediment. 
SLH-74-12 was obtained from 91 m water depth. Modern 
sediments accumulate at this location at 1.1 mm/yr accord- 
ing to “‘Pb dating (J. A. ROBB~NS, in preparation). This 
core contained a uniform clay-siit texture throughout its 
S0cm length. Core SLH-75-58 was from a location ap- 
proximately 6.5 km to the east of core SLH-74-12 in 73 m 
of water. This core was not dated because a layer of sand 
was encountered at a depth of 3 to 5cm and was an 
obvious discontinuity in the otherwise clay-silt texture of 
this 45 cm core. The presence of a sandy layer overlying a 
clay-silt or clay sediment containing some pebbles has 
been interpreted to indicate a diastem separating modern 
sediments from glaciolacustrine sediments (THOMAS rt al., 
1973). In the Laurentian Great Lakes, the period of glacio- 
lacustrine deposition was 1 I,OOO-l2,OOO yr before present. 
Hence, the sequence found in core SLH-75-58 represents a 
thin layer of recently deposited sediment overlying material 
I l,~l~,~~r old. These core locations are about 10 km 
north of station 55 of MEYERS and TAKEUCHI (1979) and 
are further described in MEYERS et al. (1979). 
Analysis of the core sections was done as described by 
MEYERS and TAKEUCHI (1979). Fatty acids and hydrocar- 
bon contents were extracted using an alkaline hydrolysis 
scheme (FARRINGTON and QUINN, 197tb). isolated by chro- 
matography, and analyzed by gas-liquid chromatography 
using both polar and non-polar liquid phases. Although 
individual compound identifications have not been verified 
by mass spectrometry, the tentative identifications in this 
report can be used to compare geolipid contents of the two 
cores. 
RESULTS AND DISCWSSON 
Downcore variations in the concentrations of total 
organic carbon, percent moisture, total fatty acids, 
and total aliphatic hydrocarbons of the two cores are 
compared in Fig. 1. In core SLH-74-12, a relatively 
high level of organic carbon is a reflection of the fine 
grain size of this sediment. The lack of major change 
with depth of organic carbon concentration combined 
with a slight but regular decrease in water content 
due to compaction agrees with visual observations 
that this is non-stratified sediment having no discon- 
tinuities. In contrast, core SLH-75-58 exhibits marked 
changes with depth. Concentrations of both organic 
carbon and water are highest at the surface and low- 
est at a depth of 3-S cm in the sediment. This depth 
corresponds to the coarse-grained sandy layer. 
Surface concentrations of total aliphatic hydro- 
carbons are similar at these two core locations. An 
overall, general decrease in concentration is found in 
core SLH-74- 12. accompanied by considerable Auc- 
tuations and a concentration maximum at a depth of 
7-8 cm. In contrast, total aliphatic hydrocarbon con- 
centrations in core SLH-75-58 decrease drastically 
from the surficial level to that found at a depth of 
34cm. Little variation is found beneath this depth. 
The drastic decrease coincides with the sandy layer 
which is believed to represent an interruption of the 
sedimentary record. This layer also had the lowest 
level of total organic carbon found in core 
SLH-75-58, so the low level of aliphatic hydrocarbons 
may result from an overall low amount of organic 
matter in general. Such a paucity of organics could be 
a reflection of the relative coarseness of the sediment 
particles comprising this stratigraphic unit. However. 
it is interesting that the amounts of aliphatic hydro- 
carbons found below this layer remain low, even 
though the concentrations of total organic carbon 
climb to about three times that in the sandy layer. 
Con~ntrations of total fatty acids in core 
SLH-74-12 drop from 138 @g/g dry sediment at the 
surface to 40 pg/g at 20cm depth and then change 
little to 50 cm. This is unlike total aliphatic hydrocar- 
bon concentrations in this core which, except for two 
sections, change little with depth. In the surfical sec- 
tion of core SLH-75-58, fatty acids total 132 pg/g. The 
concentration drops to 8 &g in the sandy layer at 3 
to 5cm depth and remains between 6 and 9;cgjg for 
the remainder of this core. This pattern resembles that 
of total aliphatic hydrocarbons. 
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Fig. 2. Comparisons of aliphatic hydrocarbons in Lake Huron cores SLH-74-12 and SLH-75-58. Ratio 
of total alkanes to TOC is in pg/g per o/0 TOC. Other ratios are wt/wt ratios. 
In general, the contribution of aliphatic hydro- 
carbons to the total organic matter is less below the 
sandy layer than within or above it and is also less 
than in core SLH-74-12. This is shown in the left 
panel of Fig. 2. The contributions of saturated hydro- 
carbons to total organic carbon are higher in most 
sections of core SLH-74-12 than in those of the older 
core, except near the surface and near the bottom of 
core SLH-74-12. The fractions of normal alkanes in 
the saturated hydrocarbons are represented in the 
second panel of this figure. For both cores, the values 
are around 60% and show no strong depth trends. In 
contrast, the ratios of n-CZ9 to n-C,-, and of n-C1s to 
phytane are higher in core SLH-74-12 than in core 
SLH-75-58. This is especially evident in the top 8 cm 
of the younger core. As with other hydrocarbon data 
in the panels of this figure and in Fig. 1, core 
SLH-74-12 exhibits greater fluctuations than does 
core SLH-75-58. 
Evidence of differences in sources of the organic 
materials is present in these two cores. Changes in 
hydrocarbon composition occur with depth and 
record variations in the makeup of the biological 
communities supplying organic materials to these 
sediments. 
In the 7-8 cm section of core SLH-74-12, the 
n-&,/nC1, ratio approaches a value of 25 whereas 
the other sections of this core have an average value 
of 7. Because n-CZ9 is abundant in land plants 
(DOUGLAS and EGLINTON, 1966; CRANWELL, 1973a; 
GIGER and SCHAFFNER, 1975) and n-Cl, is prominent 
in algae (BLUMER et al., 1971; YOUNGBLOOD et al., 
1971; GIGER and SCHAFFNER, 1975; PAOLETTI et al., 
1976), the ratio of these alkanes indicates the relative 
contributions of allochthonous and autochthonous 
hydrocarbons to sediment. This high value coincides 
with the highest concentration of alkanes both on an 
absolute basis (Fig. 1) and relative to TOC (Fig. 2) in 
core SLH-74-12. These peaks may record an increase 
in land runoff which was the result of conversion of 
the surrounding area from forest to farm land around 
1840. 
A general increase in the n-C1,Jphytane ratio 
occurs over the top 1Ocm of core SLH-74-12. This 
can be due to changes in the source of hydrocarbons 
causing an increase in n-Cl8 or a decrease in phytane 
or it may be the result of diagenetic loss of n-alkanes 
in the upper 9cm of sediment. Straight-chain hydro- 
carbons are subject to quicker degradation in surface 
sediment than are isoprenoid compounds (BLUMER 
and SASS, 1972). In general, the amount of phytane 
shows neither an increasing nor a decreasing trend in 
this core. The concentration of n-C,*, however, aver- 
ages one quarter less below 7-8 cm than above this 
depth. Hence, a decrease in n-Cl8 is responsible for 
the lower n-C,s/phytane ratio below 7-8 cm seen in 
Fig. 2. The actual change in n-Cl8 concentration 
occurs as abruptly as the n-C,s/phytane plot implies. 
In view of the 15% decrease in TOC concentrations 
which occurs between the 5-6 and 7-8 cm sections of 
this core, it is tempting to speculate that microbial 
processes cause a partial loss of n-alkanes and of 
organic matter in general in the biologically active 
surface zone of this core. 
However, the depth at which n-Cl8 decreases in 
this core is immediately below the high values of 
n-C&n-C1, and total alkane/TOC ratios in Fig. 2. 
Furthermore, n-CZ7 is more abundant in all sections 
above 8 cm than is nJ& while the opposite is true 
below 8cm, and the concentration of total alkane 
hydrocarbons decreases over this depth range, 
although no important changes occur in percent 
n-alkanes. Consequently, it appears that the changes 
observed in aliphatic hydrocarbons reflect changing 
sources rather than diagenesis of hydrocarbons. 
Near the bottom of core SLH-74-12, the major 
n-alkanes are C&, CZ5, CZ7 and CZs. The approxi- 
mate age of this sediment section is 4oo-450 yr B.P. 
and its hydrocarbon distribution suggests important 
contributions of organic materials from forests. This 
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section has a concentration of total aikanes which 
relative to TOC is similar to that found in most of 
core SLH-75-58. This deep section characterizes hy- 
drocarbon input frarn a more natural era of the Great 
Lakes region than exists today. 
As in core SLH-74-12, core SLH-7.5-58 surficial 
sediment contains n-Cl, and n-Cz7 as major compo- 
nents and a large amount of n-Cz9, but a large 
amount of n-C,, is also present. This n-alkane is the 
major component of total hydrocarbon contents of a 
freshwater blue-green alga (GICER and SCHAFFNER, 
1975) and of marine pelagic and benthic red algae 
(BLWER et al., 1971; YOUNGBL~OD et al., 1971). Con- 
sequently, the presence of this alkane indicates an 
abundance of ph) toplankton in surface lake waters 
and incorporation of some of their constituents in the 
underlying sediments. However, the surficial sedi- 
ments of core SLH-74-12 do not contain a large con- 
tribution of n-CIT. Because both core locations are in 
the Goderich Basin and separated by only 6.5 km dis- 
tance, this contrast is interesting. 
There are a number of possible explanations for the 
different surficial sediment n-alkane distributions in 
these two cores. These include differences between 
types of organic matter incorporated in the sediments 
in 1974 and in 1975, changes in surface water produc- 
tivity from 197475, and important contrasts between 
the benthic environments of these two areas. The first 
two possibilities are not likely to be important in this 
basin of Lake Huron because bioturbation and mix- 
ing of surface sediments will average any one year’s 
sediment accumulation with the accumulation of the 
previous 3-10yr (J. A. ROBBINS, in preparation). This 
would diminish the effects of any annual variations in 
the record of sedimented materials. 
There could, however, be differences in the benthic 
environments of these two locations. Although surfi- 
ciaf sediment textures are similar, the site of core 
SLH-74-12 is deeper (91 mf than that of core 
SLH-75-58 (73 m). This depth difference, combined 
with the different subsurface sediment textures of the 
two locations could provide the basis for significant 
contrasts in benthic communities. For example, KRE- 
ZOSKI (1976) found major differences in types and 
amounts of benthic invertebrates collected at loca- 
tions in Lake Huron from depths of 65 m and 95 m 
and close to those sampled in this study. Therefore it is 
reasonable to expect similar differences in benthic 
algae and bacteria in locations from different depths. 
This in turn would be reflected in the hydrocarbon 
content of the sediments. As an example, n-C,, is ti& 
major hydrocarbon of red benthic algae while it is a 
minor component of brown benthic algae (YOUNG- 
ULCX)II ~‘1 al., 1971). Also, some bacteria have been 
shown to contain large amounts of n-C,, while others 
do not (ALBRO, 1970). Therefore, the differences in 
hydrocarbon compositions between the surficial 
layers of these two cores is due to their fractions of 
hydrocarbons of a benthic origin relative to those 
obtained from plankton and land runoff. The contri- 
bution of shorter-chain n-alkanes is relatively large 
throughout core SLH-75-58, indicating the impor- 
tance of algal or bacterial biomass as sources of or- 
ganic matter in this core. This is further shown by the 
ratio of the n-Cz9 and n-C,, alkanes shown in Fig. 7. 
Low values indicate low amounts of higher plant hy- 
drocarbons. represented by n-C,,, relative to the 
amounts of algal hydrocarbons, represented by n-C, -, 
The ratio is low throughout core SLH-75-58. Thus, it 
appears that less land-derived material is present in 
core SLH-75-58 than in the younger core. This lower 
abundance explains the overall lower alkane content 
of this core. 
In the left panel of Fig. 3 concentrations of total 
fatty acids in these cores are compared to tOtd or- 
ganic carbon contents. The contribution of acids to 
TOC decreases rapidly with depth in these cores, and 
the rate of decrease is greater in core SLH-75-58. 
Only deep in core SLH-74-12 do the ratios of acids to 
TOC approach those in the older core. 
While longer-chain n-alkanes characteristic of land 
plants are important in the aliphatic hydrocarbon 
compositions of these two cores, the fatty acid con- 
tents lack the longer-chain components which would 
be expected from terrigenous sources. The surficial 
sediment in core SLH-74-12 contains a fatty acid dis- 
tribution dominated by palmitofeic acid followed by 
palmitic acid and is similar to distributions found in 
sediments from five of six locations by MEYERS and 
TAKEUCHI (1979) in transects across southern Lake 
Huron. Deeper in this core and throughout core 
SLH-75-58, palmitic acid dominates. These chain- 
length distributions are unlike those found in post- 
glacial sediments by CRANWELL (1974) and BROOKS er 
ai. (1976) in several English lakes and by MEYERS et 
al. (in press) in Pyramid Lake, Nevada. These sedi- 
ments and those deposited in two Eocene lakes 
(ARPIP*TO~ 1973) contain large contributions of Cl: to 
C30 n-acids of land-derived origin. 
Fatty acids undergo rapid alteration both in marine 
sediments (RHEAD et nl., 1971; JOHNSON and CALDER. 
1973: FARRINGTON and QUINN, 1973: BCKIN et al.. 
1975; GASKELL ~“r al., 1975; FARRINGTON et al., 1977: 
VAN VLEET and QUINN. 1979) and in lacustrine sedi- 
ments (MATSIJDA and KOYAMA, 1977; CRANWELL. 
1978; MATSUUA, 1978). The decrease in fatty acid con- 
centrations relative to TOC in both Lake Huron 
cores shown in Fig. 3. strongly suggests the degrada- 
tion of these lipids. This appears to occur in the top 
l&l2 cm of core SLH-74-12 and in the top 4 cm of 
core SLH-75-58. Further evidence of fatty acid altera- 
tion is given by the large decrease in percentage of 
unsaturated components in core SLH-74-12. In addi- 
tion, the relative contribution of iso and antriso acids. 
shown as percentage of branched acids in Fig. 3. 
increases with depth. These materials are abundant in 
sediment bacteria (LEO and PARKER. 1967; COOPHR 
and BLUMER. 1968; CRANWELL. 1973b. 1974; JOHNS rt 
NI., 1977) and their presence indicates microbial bio- 
mass and alteration products in sediments (PARKER, 
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Fig. 3. Comparison of fatty acids in Lake Huron cores SLH-74-12 and SLH-X-58. Ratio of total acids 
to TOC is in pg/g per 7; TOC. Branched acids are i.so and anteiso acids only. 
1967; BWIN et al., 1975; BRCI~KS et al., 1977). An 
increase in branched acids accompanied by a decrease 
in unsaturated acids found to occur with depth in 
marsh sediments was interpreted by JOHNSON and 
CALDER (1973) to be the result of in situ microbial 
processes. Hence, the fatty acid contents of these Lake 
Huron sediments have experienced considerable mi- 
crobial reworking. 
As suggested by MATSUDA (1978), the acid com- 
position of sediments may represent the residue of 
extensive microbial attack which occurs during the 
early stages of sedimentation. In support of this con- 
cept, chain-length distributions indicate a predomin- 
antly algal and microbial origin of fatty acids in Lake 
Huron surficial sediments whereas n-alkanes appear 
to be largely derived from terrigenous higher plant 
sources (MEYERS and TAKEUCHI, 1979). This has evi- 
dently been true for the periods of time represented 
by the two cores in this study and therefore implies 
that benthic processes provide an important contribu- 
tion to the total fatty acid concentration of these sedi- 
ments. This has also been indicated in marine (BOON 
et al., 19’75; VAN VLEET and QUINN, 1979) and lacus- 
trine sediments (MATSUDA and KOYAMA, 1977; MAT- 
SUDA, 1978). 
However, evidence of both autochthonous and 
allochthonous sources of fatty acids has been pre- 
served in the sediments of English lakes (CRANWELL, 
1974; BRINKS et a!., 1976; CRANWELL, 1978). Similar 
preservation is not evident in Lake Huron sediments 
nor in those of Lake Suwa (MATSUDA and KOYAMA, 
1977). A possible explanation for this difference is sug- 
gested by HUANG and MEINSCHEIN (1979) who postu- 
late that the water circulation of Rostherne mere, one 
of the lakes studied by BRWJKS er al. (1976), is less 
effective than in Lake Suwa. This may result in more 
reducing bottom conditions in Rostherne mere which 
limits benthic microbial populations and conse- 
quently provides enhanced preservation of allochtho- 
nous organic matter in this English lake. In contrast, 
Lake Suwa experiences year-round wind-driven circu- 
lation which aerates bottom waters (NISHIMURA and 
KOYAMA, 1977) and allows an abundance of benthic 
flora and fauna. Similarly, Lake Huron waters circu- 
late freely and replenish the bottom oxygen content 
(J. R. BENNETT, personal communication). Hence, 
alteration and degradation of organic constituents of 
the sediments of these two lakes can occur rapidly, 
and evidently fatty acids are more subject to attack 
than are n-alkanes. 
Some important differences exist in the fatty acid 
contents of the two Lake Huron cores. Althou~ the 
concentrations of acids in the surficial sections are 
very similar, the contribution of unsaturated acids is 
quite low throughout core SLH-75-58. This low level 
is not equalled in core SLH-74-12 even in the 450-yr- 
old bottom sections. The rapid decreases in total 
acids and the percentage of unsaturated components 
evident in the upper portion of core SLH-74-12 cease 
at 12 cm. Lack of further change in concentration or 
in chain-length distribution with greater depth in this 
core shows that little degradation of acids occurs 
beneath the biologically active zone of surface sedi- 
ments. Those fatty acids which survive degradation 
may exist primarily in the bound state, as concluded 
by CRANWELL (1978) and VAN VLEEET and QUINN 
(1979). 
Although fatty acid and hydrocarbon compositions 
near the bottom of core SLH-74-12 become more 
similar to those of the glaciolacustrine portion of core 
SLH-75-58, they never achieve parity. Degradation of 
these types of organic compounds proceeds so slowly 
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below the biologically active zone in Lake Huron 
sediments that 400yr is not sufficient time to equal 
the alterations that occur over an 11,OOOyr period. 
Furthermore, the slow degradation is inadequate to 
erase completely the character of geolipids introduced 
to sediments by settling processes and by postdepos- 
itional benthic production. As a consequence, the dif- 
ferences between the deeper sections of these two 
cores indeed record the original limnological environ- 
ments which existed at the times these sediments 
accumulated. 
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